1. Introduction {#sec1}
===============

Edible mushrooms are postulated as biological and genetic resources with nutritional value and biotechnological potential. They have high content in carbohydrates, phenolic compounds, vitamins, minerals and protein, that could be an alternative to the deficient intake of proteins of animal origin by many rural communities ([@bib25]; [@bib28]). They also provide polyunsaturated fatty acids known for their protective properties of the cardiovascular system ([@bib35]). In addition, the mushrooms contain a very good proportion of dietary fiber, these, unlike cereals and given their chemical structure, exhibit Immunostimulatory and anticancer activity ([@bib6]; [@bib7]; [@bib19]). Other biological properties of the mushrooms are anti-tumor, anti-diabetic and anti-oxidant ([@bib4]; [@bib23]; [@bib24]).

Edible mushrooms are cultured in media that usually consist of lignocellulosic agricultural wastes such as crop straw ([@bib14]). The organic solid waste remaining after cultivation of edible mushrooms is the spent mushrooms substrate (SMS) ([@bib10]). SMS can be used as compost, as animal feed, to promote health of animals, and to produce packaging and construction materials, biofuels, and enzymes ([@bib13]). Hence, the mushroom cultivation is a value added process to convert these materials and represents one of the most efficient biological ways by which these residues can be recycled ([@bib8]). This process can be used in regions with agricultural vocations. For example, Tolima-Colombia, is one of the largest generators of lignocellulose waste, being the rice crop one of the largest contributor with approximately 135,695 tons per year ([@bib9]).

In the present study, the mycelial growth of the *L. crinitus* strain was investigated under agro-waste and the correlation analyses were performed. The proximate and mineral element composition was determinate in wild mushrooms and spent substrate of *L. crinitus* obtained in the solid-state fermentation.

2. Material and methods {#sec2}
=======================

2.1. Reagents, standards and culture media {#sec2.1}
------------------------------------------

Potato Dextrose Agar (PDA, Merck, Darmstadt, Germany), agar (Merck, Darmstadt, Germany), element standard solutions supplied by Sigma-Aldrich (C, P, Ca, Mg, K, Mn, Fe, Zn, Cu), hydrochloric acid (HCL, Sigma-Aldrich), petroleum ether (Sigma-Aldrich, Heidelberg, Germany), lanthanum (III) oxide (La~2~O~3,~ Sigma-Aldrich, Heidelberg, Germany). For the proximate composition, sodium hydroxide 35%, boric acid 4%, sulfuric acid 95--98% and kjeldahl catalyst (K~2~SO~4~, CuSO~4~ ∗ 5H~2~O) were used as regents (Sigma-Aldrich, Heidelberg, Germany).

2.2. Fungal material {#sec2.2}
--------------------

Wild mushrooms of *Lentinus crinitus* (L.) Fr were collected in Ibagué, Tolima. Mushrooms were cleaned, dried in an oven for 8 h at 30 °C and transferred in paper bags for description of microscopic and macroscopic features ([@bib11]; [@bib18]; [@bib22]; [@bib31]).

2.3. Mycelium isolation {#sec2.3}
-----------------------

Fresh mushrooms were cut with sterilized blades, then a small piece of the mushroom tissue was removed and placed on PDA medium and incubated at 27 °C for 7 days; several sub-cultures were made until pure cultures were obtained ([@bib37]). The strain obtained was deposited in the Collection of Microorganism of Corporation for Biological Researches (MicroCIB).

2.4. Agro-waste {#sec2.4}
---------------

Three types of waste generated from the agroindustry of Tolima were used: Bran (B), Orange peel (OP) and Rice husk (RH). The wastes were dried at 48 h, 40 °C (Memmert, Schwabach, Germany). Wastes were crushed until obtaining a particle size of 0.1 mm in diameter, then stored for later use in the preparation of agar media.

2.5. Mycelial growth evaluation on different agro-waste in culture media {#sec2.5}
------------------------------------------------------------------------

The mycelia growth of *L. crinitus* was evaluated in different agro-waste in culture media. Seven culture media agars (bran, orange peel, rice husk, rice husk and brand, rice husk and orange peel, orange peel and brand and brand, orange peel and brand) were use. The media were prepared using 200g of the substrate and 15 g of agar in one liter of deionized water with adjustment to pH 6. The culture media agar with agro-waste were sterilized at 15 psi, 121 °C for 20 min and dispensed into sterile Petri plates. After sterilization, plate per medium were aseptically inoculated with a 5 mm mycelial disc from a seven-day old pure culture of the *L. crinitus* and inoculated centrally onto each plated medium. The inoculated plated were sealed and incubated at 28 °C under dark conditions. The test was carried out in triplicate, and diameter of mycelial growth was measured. Each set-up was replicated three times (48--72 and 120 h). The diameter was measured at different angles of 0°, 45°, 90° and 135°, taking the center of the inoculum as an intersection ([@bib21]).

2.6. Solid-state fermentation (SSF): spent substrate {#sec2.6}
----------------------------------------------------

### 2.6.1. Spawn preparation {#sec2.6.1}

Solid spawn was prepared in 500 ml flask with 200 g of wheat seeds. The water content was adjusted to approximately 65% and then sterilized at 15 psi, 121 °C for 20 min. After cooling to room temperature, the solid spawn was inoculated with 3 mycelial agar discs of *L. crinitus* (5 mm in diameter). The solid spawn was incubated at 28 °C until the wheat seeds was fully colonized.

### 2.6.2. Substrate preparation and inoculation {#sec2.6.2}

Based on the results of mycelial growth in culture media agar, three best combination agro-waste were used. A total of 300 g of each of the agro-waste was used to fill a polypropylene bag, with a collar at the bag mouth. The filled bags were autoclaved at 120 °C and 1 atm for 120 min. After cooling, each bag was then inoculated with 5% of solid spawn of *L. crinitus*. After inoculation, all bags were incubated in the dark at 25--26 °C. Once the mycelium invaded the entire substrate (Spent substrate) the bags were stored at 4 °C for further used.

2.7. Proximate analysis and mineral element composition {#sec2.7}
-------------------------------------------------------

Wild mushrooms of *L. crinitus,* spent substrate and agro-waste were used for determination of proximate analysis and mineral element composition. Protein, ash and crude fiber were determined according to [@bib2]. Protein was calculated from total nitrogen using the conversion factor 6.25 and the Kjeldahl method involving three steps (i.e digestion, distillation and titration). Ash content was evaluated by carbonization of the dried sample followed by incineration in a muffle furnace at 550 °C. The proximate composition was expressed in grams per 100 g of dry basis.

Mineral content was determined using the atomic absorption spectrophotometer, SHIMADZU AA-6300. Dry ashing of digestion procedure was applied ([@bib38]). 1 g of dried sample was placed in a Furnace, 550 °C up to 2--4 h until ash was obtained. The residue was dissolved in 5 ml of HCL (10% v/v) and filtered into a 10 ml volumetric flask using Whatman filter paper (N° 42). This mixture was used for determine the following metals: Cu, Zn, Fe, Cd, Cr, Pb. 1 ml of the mixture was dissolved in 1 ml of La~2~O~3~ (10% v/v) and was transferred to 10-ml volumetric flask made up to volume. This mixture was used for the determined the following metals: Na, Ca, Mg y K. Certified standards of each metal were used to make the calibration curves. The spectrometer operating requirements were adapted according to the \"Atomic absorption spectrophotometry cookbook\" for each element.

2.8. Data analysis {#sec2.8}
------------------

Experimental results were given as the mean ± standard deviation (SD). All measures were performed at least three or two time and were subjected to two-way analysis of variance (ANOVA) followed by Fishers Least Significant Difference (LSD) test. Pearson correlation analysis was performed between the growth rate and the variables of the proximal and mineral composition of agro-waste These analyzes were performed using the R-studio program (<https://www.rstudio.com/>).

3. Results and discussion {#sec3}
=========================

3.1. Wild mushrooms of *L. crinitus* {#sec3.1}
------------------------------------

The genus *Lentinus* is distributed worldwide, but species of the subgenus *Lentinus*, specifically *L. crinitus*, are distributed throughout the Americas ([@bib15]). For Colombia, *L. crinitus* has been reported in Amazonas, Antioquia, Caquetá, Cesar, Choco, Cundinamarca and Valle del Cauca, at an elevation of 50--2800 MASL ([@bib39]). Ibague Tolima is given as a new locality record for *L. crinitus*.

Wild mushrooms of *L. crinitus* presented content of 14.42% protein and 57.18% fiber ([Table 1](#tbl1){ref-type="table"}), higher than the reported values for [@bib29] and [@bib34]. This protein content can be compared with products found in common grocery items such as beans, corn, rice and wheat, which contain protein values of 28%, 10.2%, 7.6% and 14.3%, respectively ([@bib5]; [@bib17]) and other mushrooms as *Ganoderma lucidum (*8.59 *%), Lentinus brunneofloccosus (*8.13%*) and Pleurotus ostreatus (9.56%)* ([@bib33]; [@bib40]).Table 1Proximate and mineral analysis of spent substrate (SMS) and wild mushroom of *L. crinitus* (dry basis %, mg/kg, w/w).Table 3VariableSMS-1SMS-2SMS-3WM% N1.691.801.722.31% Protein10.5411.2810.7714.42% Fiber44.1156.3356.1757.18% Ash39.0548.9047.8450.53% C35.3529.6430.2528.69% P1.101.150.280.41% Ca0.0140.0070.0050.25% Mg0.2260.280.280.005% K0.7018.754.284.04Mn (mg/kg)115.4144.0288.83120.34Fe (mg/kg)71.0378.7699.00129.26Zn (mg/kg)40.8441.5227.1259.59Cu (mg/kg)93.2510.997.2111.23[^1]

3.2. Mycelial growth on agro-waste in culture media agar {#sec3.2}
--------------------------------------------------------

Based on the results obtained from mycelial growth in culture media agar, there were significant differences (P \< 0.05) between the different agro-waste. The treatment T6 (Orange peel and brand) was determined to be the best for the mycelial growth of *L. crinitus (*0.0790 cm/h), T7 (Bran, Orange peel and rice husk) and T5 (Rice hush and orange peel) followed, with mycelial growth rates of 0.0753 cm/h and .0720 cm/h, respectively ([Table 2](#tbl2){ref-type="table"}). This information is complemented with the [Figure 1](#fig1){ref-type="fig"}, which shows a larger mycelium diameter of *L. crinitus* in these treatments at 72 h. The Pearson correlation coefficient test detected strong positive and negative correlation among growth rate and agro-waste composition variables ([Table 3](#tbl3){ref-type="table"}). Growth rate was negatively correlated with Zn, N and protein, but it was positively correlated with C/N ratios ([Figure 2](#fig2){ref-type="fig"}). This preliminary test can be used to select the most appropriate agro-waste and define the variables that can affect mycelial growth, and therefore the yield and productivity of mushrooms in solid cultivation ([@bib36]). This ratio of C/N is essential for the growth of the fungus, especially because for its anaerobic growth, it is necessary to have high contents of C and low contents of N, and its value will depend on the type of strain ([@bib32]).Table 2Growth rate (GR) of *L. crinitus* in the treatments evaluated.Table 1TreatmentAgro-wasteGR (cm/h)T1Bran (B)0.0419 ± 0.0025 eT2Orange peel (OP)0.0710 ± 0.0014 b,cT3Rice husk (RH)0.0673 ± 0.0049 cT4RH + B0.0563 ± 0.0021 dT5RH + OP0.0720 ± 0.0023 bT6OP + B0.0790 ± 0.0018 aT7RH + OP + B0.0753 ± 0.0014 a,b[^2]Figure 1Mycelial growth of *L. crinitus* at 72 h in each of the treatments. T1 = Bran, T2 = Orange peel, T3 = Rice husk, T4 = Rice husk and bran, T5 = Rice husk and orange peel, T6 = Orange peel and bran, T7 = Rice husk, orange peel and bran.Figure 1Table 3Proximate composition of agro-waste (dry basis %, mg/kg, w/w).Table 2VariableT1T2T3T4T5T6T7% N1.940.950.791.351.400.930.86% Protein8.48.63.16.28.755.815.36% Fiber15.210.338.12822.33338.62642.061% Ash32.2528.3334.0933.2246.6647.5157.51% C26.2229.1125.3223.5255.22032.52033.353% P2.840.2240.321.580.960.2540.73% Ca0.551.370.580.590.0950.2540.246% Mg0.110.210.120.140.2370.2160.398% K0.310.270.070.199.5560.5071.443Mn (mg/kg)47.8292435.929.96325.10789.330Fe (mg/kg)28.422.432.330.3561.365111.00044.577Zn (mg/kg)63.515.529.646.5538.7119.89233.925Cu (mg/kg)0.551.561.130.841.7936.47411.330C/N13.5130.6432.0517.4239.44335.00338.881[^3]Figure 2Correlation matrix of Pearson between growth rate (GR) and agro-waste composition variables. Light green color indicates negative relation of the variables, dark green-inverse correlation. Only significant correlations are filled with color (confidence = 0.95).Figure 2

In addition, other elements such as zinc, sulfur, phosphorus, potassium and magnesium are essential for the growth of fungi as they are part of the synthesis of amino acids, nucleic acids, and ATP, and because they participate as cofactors in various enzymatic reactions among many other functions ([@bib12]). In spite of the fact that the correlation of components such as calcium, magnesium and manganese was evaluated, these did not show a correlation with the growth rate and other variables that must be included, such as the content of vitamins and amino acids present in agro-waste, which can influence mycelial growth ([@bib20]).

3.3. Solid-state fermentation (SSF): spent substrate {#sec3.3}
----------------------------------------------------

The combination of the agro-waste (T6, T7 and T5) were used to obtain the spent substrate and assess its nutritional potential. The spent substrate by *L. crinitus* obtained in the SSF, increased its content of protein, fiber, nitrogen, phosphorus, manganese, iron, zinc and copper, as well as decreased the content of carbon, calcium and magnesium ([Table 1](#tbl1){ref-type="table"}). When comparing the obtained values of protein, fiber and nitrogen, these increased by 10--20% in comparison with the negative controls (Agro-waste without inoculum mycelium). In each of the treatments, the values were similar and can be compared with other spent mushroom substrates of *Pleurotus* species, where they presented protein values of 15.7--29% ([@bib27]) or 26.9--59.4% ([@bib16]), similar to those obtained in this investigation.

These increases in the nutritional composition of the substrates suggests an alternative biotransformation of agro-waste for the generation of aggregate products as a source of animal protein; especially because the use of agro-waste for animal feed is limited by low digestibility and availability of nutrients ([@bib32]). The treatments to reduce the lignin, and to increase the digestibility of the cellulose remaining in said residues, are highly expensive ([@bib26]). This biotransformation of agro-waste by mushrooms is considered the only technology that allows human and animal food to be obtained ([@bib3]).

Other studies show that spent substrate by mycelium of *Pleurotus ostreatus* and *Pleurotus eryngii*, have high percentages of primary nutrients, useful to fertilize or being used as soil conditioners ([@bib1]). This alternative has a great advantage of containing the necessary elements to guarantee the balance of the microbiota and the induction of resistance for the plants. For example, spent substrates of *Pleurotus ostreatus* and *Agaricus bisporus* have been evaluated as soil biofertilizers for the growth of pepper plants (*Capsicum annuum* L), demonstrating that these substrates have a positive effect on plant growth, as well as the mobilization of soil phosphate, an increase in chlorophyll content, and protein content in leaves and fruits ([@bib30]).

The results obtained from spent substrate with *L. crinitus*, suggests an alternative for the transformation of agroindustrial waste from the department of Tolima, in order to generate value added products.

4. Conclusion {#sec4}
=============

Mushrooms of *L. crinitus* are reported for the first time in Tolima, with a great nutritional potential, especially because these can be used as a food source, given their protein, fiber and mineral contents. In addition, given the capacity of the *L. crinitus* mycelium to transform agro-waste with high protein, fiber and nitrogen values, these can have a potential to be used as a source of animal feed or soil conditioners.
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[^1]: Data are expressed as mean (n = 2). SMS: Spent mushroom substrate; -1 Rice husk and orange peel, -2 Orange peel and bran, -3 Rice husk, orange peel and bran.WM: Wild mushrooms of *L. crinitus.*

[^2]: Data are expressed as mean ± sd (n = 3). Means with the same letter are not significantly different at *P* \> 0.05. (Fisher\'s LSD method). Bran (B), Orange peel (OP) and Rice husk (RH).

[^3]: Data are expressed as mean (n = 2). T1 = Bran, T2 = Orange peel, T3 = Rice husk, T4 = Rice husk and bran, T5 = Rice husk and orange peel, T6 = Orange peel and bran, T7 = Rice husk, orange peel and bran.
